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Polarization retaining photonic crystal fibers 



Technical Field 

The invention relates to a photonic crystal fiber comprising a bulk material hav- 
ing an arrangement of longitudinal holes and a guiding core, wherein the fibre 
has an at-most-two-fold rotational symmetry about a longitudinal symmetry. 
The invention is based on a priority application EP 02 360 314.5 which is hereby 
incorporated by reference. 

Background of the invention 

Optical fibers are used in many fields including telecommunications, here for 
transmission of optical signals through distances which can rise to more than 
1000km. They are typically made entirely from solid transparent materials such 
as glass with almost the same cross-sectional structure along the whole length. 
The transparent material in the center of the cross-section has a higher refractive 
index than the rest and forms an optical core within which light is guided by total 
internal reflection essentially at the interface to the core. 

There exists single-mode as well as multi-mode optical fibers. The single-mode 
one are preferred mainly because of their superior wave-guiding properties and 
are so called due to their property to transmit only one transverse spatial mode 
per used frequency. However, even so-called single-mode optical fibers do not 
generally offer adequate control over the polarization of the transmitted light. 
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Indeed, for each spatial mode exits two polarization states being two degener- 
ated modes polarized in orthogonal directions. In real fibers, imperfections will 
break that degeneracy and modal birefringence will occur due to a mode 
propagation constant different for each of the orthogonal modes. Such mo- 
dal birefringence resulting from random imperfection, implies that the propaga- 
tion constants will vary randomly along the fiber. Therefore, linearly polarized 
light will be scrambled into an arbitrary polarization state as it propagates along 
the fiber. 

The deliberate introduction of some birefringence B inside the fiber can be a so- 
lution to maintain the polarization of a mode in order to render the optical sig- 
nals insensitive against small imperfections. In that case, if light will be linearly 
polarized in a direction parallel to one of the principal or birefringence axes of 
the fiber then the light will maintain its polarization. The strength of the birefrin- 
gence B is usually defined by the law: B = I (3 X - P y I / ko = I n x - n y | , with ko = 
2n I X where X being the wavelength of the optical signal and n x and n y the ef- 
fective refractive indices seen by the orthogonal modes. 

The search after optical fiber with high birefringence leads to apply the recently 
developed photonic crystal to this technical field. In WO00/49436 is described 
the manufacture of optical fibers based on such materials. Typically, they are 
made from a single solid, and substantially transparent material within which is 
embedded a periodic array of air holes running parallel to the fiber axis and ex- 
tended along the full length of the fiber. A defect in the form of a single missing 
air hole within the regular array forms a region of raised refractive index within 
which light is guided, in a manner analogous to total-internal-reflection guiding 
in standard fibers. Another mechanism for guiding light is based on photonic- 
band-gap effects rather than total internal reflection. The photonic-band-gap 
guidance will then be obtained by suitable design of the array of air holes. Opti- 
cal signals with corresponding suitable propagation constants can then be con- 
fined within the core and will propagate therein. 

The birefringence in such kind of photonic crystal fiber is usually introduced es- 
sentially as form birefringence i.e. by changing the shape of the fiber cross-sec- 
tion avoiding any circular symmetry. Also stress birefringence can be introduced 
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during the manufacture of the fiber. In WO00/49436 is proposed a fiber with an 
at most two fold rotational symmetry about its longitudinal symmetry. The pre- 
form used for its manufacture contains different capillaries in a more than two 
fold rotational symmetric arrangement. The judicious inclusion of such capillaries 
to build an at most two fold rotational symmetric arrangement around the core 
will alter the shape of the guided mode (''form birefringence"). When made out 
of a material with different properties, it will also alter the pattern of stresses 
within the fiber core ("stress birefringence"). The basic periodic lattice which 
forms the waveguide cladding of the fiber could be a simple close-packed array 
of capillaries with nominally identical external diameters or alternately with dif- 
ferent morphological characteristics. In the latter case, a square lattice may be 
formed from capillaries and rods with different diameters. Square and rectan- 
gular lattices can be used to build up naturally birefringent crystal structures for 
the cladding, simplifying the design of polarization retaining photonic crystal fi- 
bers. But the use of different morphological characteristics to achieve an at most 
two fold rotational symmetric arrangement, a condition to be fulfilled for a high 
enough birefringence, implies high cost at its manufacture. 

Summary of the invention 

The object of the present invention is to design a photonic crystal fiber with high 
birefringence property such to preserve the polarization of optical signals trans- 
mitted through such fiber without implying to high manufacturing cost. 

This object is achieved in accordance with the invention for a photonic crystal 
fiber with at least the inner rows of the used longitudinal holes surrounding its 
guiding core following a parallelogram shape arrangement. This leads to a 
photonic crystal with an at most two fold rotational symmetry about a longitudi- 
nal symmetry. It is a particularly advantageous way to introduce a high birefrin- 
gence which will guarantee to retain the polarisation of the transmitted optical 
signals. 

Advantageous developments of the invention are described in the dependent 
claims, the following description and the drawings. 

Description of the drawings 
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Two exemplary embodiments of the invention will now be explained further with 
the reference to the attached drawings in which: 

Fig. 1 is a cross-section of a photonic crystal fiber according to a first em- 

bodiment according to the invention; 

Fig. 2 is a cross-section of a photonic crystal fiber according to a second 

embodiment according to the invention. 

Detailed description of preferred embodiments 

On figure 1 is shown the cross-section of a photonic crystal fiber. It is made out 
of an arrangement of holes rows preferably but not exclusively filled with air 
building a cladding around a guiding core. The topology of the arrangement is 
chosen such to avoid any circular or to high rotational symmetry. Therefore, a 
parallelogram shape in cross-section of the fiber is chosen for at least the inner 
holes rows leading to an at most two fold rotational symmetry. The condition is 
then fulfilled to have a fiber with high birefringence property. 

In the embodiment shown on figure 1 , the edges of that parallelogram are made 
by at least three holes rows preferably but not exclusively filled with air. In that 
case, all the three holes rows are distributed to give a parallelogram, a choice 
which is not limiting in the scope of the present invention. 

The guiding core can be possibly build out of at least two longitudinal holes rows 
filled with material other than air. 

On figure 2 is shown a cross-section of a photonic crystal fiber according to a 
second embodiment of the invention. Here, again the used hole rows build a 
cladding around a guiding core with an at most two fold rotational symmetry 
about its longitudinal axe. The arrangement of that hole rows is in cross-section 
parallelogram like. The edges of that parallelogram are possibly made out of 
three rows of longitudinal holes - empty capillaries - while at its leading-edges 
(corner) at least a longitudinal hole is missing or filled with material other than 
air. 
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With an arrangement according to the invention it is possible to obtain a pho- 
tonic crystal fiber with a pitch and a hole diameter set respectively to 1/jm and 
0,8/im. This gives an effective area of approximately 3,26/im 2 for optical signal 
at 1550nm with a clearly high birefringence value of at least 3.10" 3 (even 
3,4. 10" 3 ). Thanks to its small effective area and high birefringence, such fiber 
can be used for non-linear polarization sensitive applications since it shows 
clearly a good polarization retaining property. The present invention, is of 
course, not limited to that arrangement and changes can be made or equivalents 
used without departing from the scope of the invention. For example, rare earth 
material like Erbium (Er) or Ytterbium (Yb) atoms can be used as dopant at the 
guiding core so to increase non-linear effects. 

It is also possible to insert doped material using e.g. Boron and/or Fluorine 
doping to increase even more the birefringence of the fiber. Such doping can be 
performed outside i.e. in the cladding or even inside the guiding core. This can 
be used advantageously for nonlinear based application requiring polarization 
retaining property like e.g. non-linear loop mirrors, Raman amplification. The 
presented solution might work as well for photonic bandgap effect with an air 
hole defect at the center of the guiding core. The presented embodiments show a 
particularly optimized confinement thanks to an optimized overlap between the 
optical field and the doped material. 
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